and older (66.4 ± 11.6, 67.5 ± 13.2 VS 61.6 ± 13.9) than hypertensive patients and were more treated with concomitant therapy. Drugs acting on the renin-angiotensin system were the more frequent choice in the three cohorts but with a different prevalence (63.9%, 52.9%, 35.9% in diabetic, hypertensive and high risk patients respectively). Adherent patients to AHD (PDC > 80%) were 44.0% among diabetic patients, 48.4% among high risk, 35.2% among hypertensive. A Cox regression model showed that the risk of the combined outcome was determined by increasing age, male gender, presence of concomitant therapy, low adherence to AHD and first choice of AHD. Conclusions: An integrated analysis of prescription and hospital discharge database has the great advantage that it uses routinely available data, it can be done quickly and by few staff, and it is less expensive than planned large scale survey.
INTRODUCTION
Elevated blood pressure (BP) is still the biggest single contributor to global mortality [1] , and extensive randomized trial data are consistent in showing that BP reduction substantially reduces cardiovascular (CV) morbidity and mortality [2, 3] , and demonstrate clear benefit across many subgroups of hypertensive patients [4] . These data justifies to start the administration of BP lowering drugs in uncomplicated hypertensive patients as well as in hypertensive patients with associated CV disease or diabetes, as recommended by recent guidelines [5, 6] . In clinical practice, under-treatment of high BP [7] and poor adherence to antihypertensive drugs (AHD) [8] cause suboptimal BP control and, ultimately, preventable CV morbidity and mortality. The true dimension of the problem, however, is not well known: accurate estimates of prevalence, awareness, treatment, and control of high BP required detailed, complex, and expensive population survey, and it is usually necessary to restrict such survey to a limited group of subjects and selected periods [9] . An integrated analysis of prescription, hospital discharges and mortality database could offer the opportunity to carry out valuable research and clinical audit and provide accurate estimates of prevalence, drugs' man-agement and outcome of care.
The main purpose of our survey was to identify uncomplicated hypertensive patients as well as hypertensive patients with associated CV disease or diabetes using data from administrative database, and to evaluate the relationship between the antihypertensive treatment and the incidence of stroke, acute myocardial infarction (AMI) and death in the three cohorts of patients.
PATIENTS AND METHODS

Data Source
The study was based on administrative databases maintained by 7 Local Health Units (LHU) in Italy, belonging to Lombardy, Veneto, Tuscany, Campania, Sicily, Sardinia regions, with a population of approximately 3,000,000 inhabitants. The LHU Ethics Committees approved the study. In the Medications Prescription Database, the LHU routinely measures the volume of expenditure generated by the dispensing of drugs to the enrollers. The data available in each prescription claim include the patient's national health number, the prescribing physician's number, the anatomical-therapeutic-chemical (ATC) code of the drug delivered, the number of packs, the number of units per pack, the dosage, the unit cost per pack, and the prescription date. Using the numeric code released to each citizen by the LHU as a unique identifier, this database was linked with the Beneficiaries' Database, listing some patients' demographic characteristics i.e. date of birth, sex, place of residence, physician license number, start and end of registration dates, and the Hospital Discharge Database, which includes all hospitalization data with the discharge diagnosis codes classified according to the International Classification of Diseases, Ninth Revision (ICD9CM), and the Mortality Database, where death data are recorded. It was not possible to retrieve the cause of death from death certificates. Universal health-care coverage in Italy allows completeness and comprehensiveness of the information contained in these databases, which have been used in previous epidemiological studies [10] . The Italian Ministry of Health reported that archives are 100% complete and 95% accurate [11] . In order to guarantee patient privacy, each subject was assigned an anonymous univocal alphanumeric code.
Cohort Definition
This was a retrospective cohort study, which included only new AHT users, aged over 18 years old, with a complete history of prescriptions and clinical outcome data over the study period. Subjects were enrolled if they had at least one prescription of AHT (diuretics [ ) . The date of the first AHT claim was defined as the enrolment date. We excluded records of subjects who died, moved to other LHU or were hospitalized with a diagnosis of stroke or AMI in the 6 months after the enrolment date, in order to ensure a minimum time interval for adherence assessment: in fact, the use of short-term time intervals to assess adherence has been shown not to reflect accurately long-term behaviours [12, 13] . Subjects were defined new users if they had not been prescribed any AHD in the year before the enrolment date. Subjects were defined as diabetic if they had received at least two prescriptions of hypoglycaemic drugs (ATC codes A10) in the year before the enrolment date and as high risk if they were hospitalized for hypertension (ICD9CM codes 401 -405), ischemic heart disease (ICD9CM codes 410 -414), heart failure (ICD9CM code 428), cerebrovascular disorders (ICD9CM codes 430 -438), or vascular diseases (ICD9CM codes 440 -442), and those prescribed with nitrates (ATC code C01DA) in the year before the enrolment date [14] . The remaining subjects were defined as hypertensive. The prescriptions of hypolipidemic drugs [ATC code C10], cardiac drugs [ATC code C01], antiplatelet drugs [ATC code B01AC] and loop diuretic drugs in the 12 months before the enrolment date were evaluated in the three cohorts of patients.
Adherence to AHT
Adherence to AHD was estimated as the percentage of days a subject had tablets available (proportion of days covered, PDC), from the first delivery of AHD until either death, moving to another LHU, hospitalization for AMI or stroke, or June 30, 2007, whichever occurred earlier. The interval was separated into treatment episodes of continuous AHD use based on the method of Catalan and LeLorier [15] . A treatment episode was measured as the time-span between the starting dates of the first AHT dispensing until the last day of the final AHD supply. The latter date included allowance for a possible gap after the final dispensing within the specific episode. Prescriptions filled near the end of the interval contributed days till that date. Prescriptions containing more than 1 drug contributed 1) the sum of the days' supply of all drugs, in case of drugs from the same AHD drug class, because a possible stockpiling of medication was considered; 2) the lower days' supply drug value, in case of drugs from different AHD drug classes, identifying them as a combined therapy. The PDC corresponded to the total of number of days' supply of medication dispensed within each episode, divided by the total length of the interval and multiplied by 100. Subjects were grouped into 4 adherence categories as follows: PDC ≤ 40%, ranging from 41% to 60%, ranging from 61% to 80%, and PDC > 80%. When PDC was ≤20%, indication for AHD was considered uncertain or questionable and, therefore, the corresponding subjects were excluded [16] .
Outcomes
The primary study outcome was all-cause mortality or the first hospitalization for fatal or nonfatal AMI (ICD9CM codes 410.x) or stroke (ICD9CM codes 430 through 438.x). Patients were followed-up from the date of enrolment until the earliest of the following end dates: hospital discharge for AMI or stroke; death from any cause; study closure (December 31, 2007); or cancellation from the enrollees' list in the LHUs.
Statistical Analysis
Data were summarized as mean ± standard deviation (SD) for continuous variable and as numbers (percentages) of subjects for categorical variables. Pearson's chisquare and one-way ANOVA tests were used to evaluate differences in baseline characteristics across the three cohorts of patients. Multivariable Cox proportional hazard regression model was used to estimate hazard ratios (HR) and 95% confidence intervals (CI) of death and CV events, as combined outcomes, as a function of the three cohorts of patients. To adjust for potential confounders, in the multivariable model we included age, gender, and presence of specific treatments in the year prior to the enrolment date, taken as proxies for the diagnoses of dyslipidemia (ATC code C10), heart disease (ATC code C01), and atherosclerotic disease (ATC code B01AC). Visual inspection of the survival curves confirmed that the assumption of proportional hazards was not violated. Two-tailed p-values < 0.05 were considered statistically significant. All analyses were conducted using SPSS for Windows, version 18.0.
RESULTS
Out of a population of 1,867,511 subjects aged over 18 years old, 253,972 subjects (13.6%) had their first anti-hypertensive prescription filled from January 1, 2004 through June 30, 2007, and did not moved from the LHUs along the follow-up period.
Of these, 128,202 study participants (50.5% of the enrolled subjects) were excluded: 7308 (2.9%) because they had a study outcome during the 6 months after the enrolment date, and 120,894 (47.6%) because they had a PDC < 20% due to occasional or intermittent prescriptions of AHD or to a therapy lasting less than 6 months. A total of 125,770 subjects (49.5% of the enrolled subjects) were included in the study: 8516 (6.8% of the included cohort), mean age 66.4 ± 11.6 years, were defined as diabetic patients, 8549 (6.8%), mean age 67.5 ± 13.2 years, as high risk patients, and 108,705 (86.4%), mean age 61.6 ± 13.9 years, as hypertensive patients. Some characteristics of the patients and the use of concomitant drug treatment are shown in Table 1 . Diabetic and high risk patients were significantly (p < 0.001) more frequently male and older than hypertensive patients and were significantly (p < 0.001) more treated with concomitant therapy. In the diabetic cohort, 316 patients (3.7%) received prescriptions of nitrates and 854 (10%) had had previous hospital discharges for CV diseases.
The starting antihypertensive therapy was significantly different (p < 0.001) among the three cohorts of patients ( Table 2) . Drugs acting on the renin-angiotensin system (ACE I and ARB) were the more frequent choice in the three cohorts but their prevalence resulted significantly different among the groups (63.9%, 52.9%, 35.9% in diabetic, hypertensive and high risk patients respectively). In each cohort ACEs I were significantly (p < 0.001) more prescribed than ARBs. In diabetic patients the second choice was Ds (12.2%), in high risk patients was the association of two antihypertensive drugs (27.9%), and in hypertensive patients was BBs (16.4%). The adherence to AHD in the three cohorts of patients was reported in Table 3 . The percentage of subjects adherent to the AHD treatment increased significantly along the levels of adherence in high risk and diabetic cohorts reaching the best level (PDC > 80%) in 48.4% and 44.0% of patients respectively. In the hypertensive cohort the prevalence (35.2%) of subjects with the highest level of adherence was significantly lower (p < 0.001) than in the diabetic and high risk cohorts, with no significant difference in the prevalence of other three levels of adherence.
A total of 8760 outcomes were observed during the follow-up, including 5900 deaths, 2112 strokes, and 748 AMI. Incidence of the combined outcome as well as of each single outcome was significantly higher in high risk and diabetic patients compared with hypertensive patients (Table 4 and Figure 1) . The multiregression analysis (Table 5) showed that the risk of the combined outcome is determined by the same factors in the three cohorts of subjects even if at different extents: it increased by ageing, male gender, presence of concomitant therapy excepted lipid lowering drugs, decreased adherence to AHD and first choice of AHD.
DISCUSSION
A positive benefit of observational studies is that they offer the opportunity to carry out clinical audit and evaluative research, inform the planning and management of services, and provide clinicians with accurate estimates of the outcome of care. They represent a complementary approach rather than an alternative to clinical trials and can contribute to evaluate the health care in everyday practice and hence how to improve organization of services and individual pharmacological treatment [17] .
Information provided by prescription database enables us to perform good quality observational studies. Our survey has shown that prescription of AHD analysis can be a useful way of establishing disease prevalence of hypertensive patients. Moreover, integrating the analysis with prescription of hypoglycaemic and/or nitrate drugs and hospital discharge, it was possible to identify hypertensive patients at elevated CV risk as diabetic patients and subject who had suffered from CV diseases or events. This procedure was possible because the use of AHD, hypoglycaemic and nitrates drugs was quite specific to hypertension, diabetes and ischemic disease respectively, thus the contemporary analysis of the three classes of drugs, together with hospital discharges for CV reasons, improves the sensitivity in detecting patients cohorts.
Existing publication focus generally on single cohort of patients [8, 16, [18] [19] [20] [21] . We have chosen to compare different cohorts of hypertensive patients managed in the same geographical, clinical and organizational setting in order to have a comprehensive evaluation of the real world. As expected, the incidence of the composite outcome was significantly different in three cohorts: 12.3% in diabetic, 16.8% in high risk, and 5.8% in hypertensive patients, but the absolute number of subjects affected was 5 -6 times higher in hypertensive (6280 subjects) than in diabetic (1045 subjects) and high risk (1435 subjects) patients.
We have enrolled in the study only patients who were regularly taking AHD, and this methodology may have contribute to an underestimation of the prevalence, but for disease management as well as for planning allocation of resources, it is the number of patients who present to a doctor and need drug treatments and/or hospital care that matters [22, 23] . Moreover, the factor determining the composite outcome measured in the present study was similar in the three cohorts of patients: aging, concomitant medications (as proxy of comorbidities), adherence to AHD, but the weight of the each factor was quite different. In diabetic patients only an adherence > 80% contribute to reduce the risk of outcomes, while in high risk patients increasing adherence progressively decrease risk of death or CV events.
In hypertensive patients an age over 65 years and male gender seem to contribute significantly to the incidence of combined outcome.
The identification of the negative or positive influence connected to correctable and non correctable factors in the three cohorts would allow the improvement of the care of patients. It is relevant that in the three cohorts the presence of a treatment with lipid lowering drugs reduces the risk of event: unfortunately, in the present survey the percentage of patients receiving prescriptions of these drugs is very low ranging from 17.0% in diabetic patients to 5.0% in hypertensive patients. Regarding the 2 Absence of medication as reference value; ARB = angiotensin II receptor blockers; D = diuretics; BB = beta blockers; CCB = calcium channels blockers; ACE I = angiotensin converting enzyme inhibitors.
starting AHD therapy, we have chosen as reference ARB because they have an antihypertensive effect similar to other classes of AHD but less side effects [24] and more adherence to treatment [25, 26] . The use of diuretics as starting drug increases the risk of outcomes in the three cohorts. In diabetic patients there were no significant differences among ARB, ACE I, and BB; in high risk patients there were no significant differences among ARB and association of two or more drugs, BB had a protective effect; in hypertensive patients there were no significant differences among ARB and BB.
In conclusion, an integrated analysis of prescription and hospital discharge database has the great advantage that it uses routinely available data, it can de done quickly and by few staff, and it is less expensive than planned large scale survey.
